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Abstract: Neighbourhoods can facilitate or constrain moderate-to-vigorous physical activity (MVPA)
among children by providing or restricting opportunities for MVPA. However, there is no consensus
on how to define a child’s neighbourhood. This study examines the influence of the neighbourhood
built environment on objectively measured MVPA among 435 children (aged 9–14 years) in London
(ON, Canada). As there is no consensus on how to delineate a child’s neighbourhood, a geographic
information system was used to generate measures of the neighbourhood built environment at
two buffer sizes (500 m and 800 m) around each child’s home. Linear regression models with
robust standard errors (cluster) were used to analyze the relationship between built environment
characteristics and average daily MVPA during non-school hours on weekdays. Sex-stratified
models assessed sex-specific relationships. When accounting for individual and neighbourhood
socio-demographic variables, park space and multi-use path space were found to influence children’s
MVPA. Sex-stratified models found significant associations between MVPA and park space, with the
800 m buffer best explaining boys’ MVPA and the 500 m buffer best explaining girls’ MVPA. Findings
emphasize that, when designing built environments, programs, and policies to facilitate physical
activity, it is important to consider that the size of the neighbourhood influencing a child’s physical
activity may differ according to sex.
Keywords: built environment; accelerometer; GIS; physical activity; neighbourhood; child
1. Introduction
Obesity rates among Canadian children and adolescents have risen dramatically over the last thirty
years, in part due to decreasing levels of physical activity [1–3]. Obesity is a complex health problem
with numerous mechanisms, but it is generally agreed that obesity is the result of an energy imbalance
that occurs when the energy consumed exceeds the energy expended [4]. Physical activity increases
energy expenditure and therefore helps prevent obesity [5]. Regular physical activity during childhood
also helps to mitigate risk factors associated with cardiovascular disease and improve psychological
well-being by improving academic performance and reducing anxiety and depression [6,7]. Yet,
few Canadian children are meeting Canada’s recommended physical activity guidelines of at least
sixty minutes of moderate-to-vigorous physical activity (MVPA) during most days of the week [8,9].
Canadian children now spend the majority of their time engaging in sedentary activities like watching
television or playing on the computer [8].
Physical activity is a complex behavior and there is growing interest in ecological models of
health to explain how a diverse range of mechanisms influence physical activity at multiple levels
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ranging from intrapersonal (e.g., age, sex, preferences, attitudes), interpersonal (e.g., household income,
parental education, parental occupation), environmental (i.e., built and natural), and policy [10]. At the
intrapersonal level, boys tend to be more physically active than girls, with recent research finding that
13% of boys aged 5–17 and only 6% of girls aged 5–17 meet Canada’s recommended physical activity
guidelines [8,11]. Research has found that girls prefer different activities, have different motivations
for being physically active, and face different barriers to physical activity than boys [12,13]. For
example, boys have more independent mobility providing them greater access to opportunities in
their neighbourhood [14,15]. In addition, the mode a child uses to travel between home and school has
been found to contribute to a significant proportion of their overall physical activity levels. Children
who use active modes of travel between home and school (i.e., walking or biking) tend to be more
physically active and are more likely to meet daily MVPA recommendations than those using inactive
modes [16].
At the interpersonal level, physical activity levels have been found to be lower among certain
ethnic/racial groups (e.g., black children and youth) and lower socio-economic classes [17–19]. It is
hypothesized that these groups experience unequal access to physical activity opportunities in their
neighbourhood, which in turn may affect whether or not they engage in physical activity [17,20]. At the
environmental level, the built environment can facilitate or constrain physical activity by providing or
restricting opportunities for physical activity [21–24]. The neighbourhood opportunities for physical
activity may be particularly important for children and youth due to extrinsic constraints on their
independent mobility (e.g., parental rules, too young for a driver’s license), which typically limit their
activities to locations that they can access by walking or biking [25].
Land use patterns, transportation infrastructure, and urban design have been conceptualized as
built environment correlates of physical activity [23,26]. Land use patterns affect the distribution
of opportunities for physical activity, such as the presence of neighbourhood park spaces [26].
Land use mix is frequently used because it is able to characterize complex land use patterns in
one measure [23,27]. Transportation infrastructure affects how well children are connected with
facilities and also affords a site for physical activity, such as intersection density [23,26]. Intersection
density (i.e., connectivity affects the route options available in a neighbourhood and better connected
neighbourhoods have been hypothesized as being easier to traverse [28–30]. Urban design affects the
appearance and arrangement of physical features within spaces, such as recreation facility and park
design or quality [23,26,31,32].
There is a need to explore the role of neighbourhood size because there is little agreement regarding
how to best define a child’s neighbourhood [27]. Both buffer-based measures and administrative units
have been used to define a child’s neighbourhood. Although many accelerometer-based studies of the
built environment-physical activity relationship use a buffer size of 800 m or 1000 m [31,33–35], some
have used home-based buffers as small as 200 m [36] and as large as 2 kilometres (km) [32,37]. Different
buffer sizes capture different environments and the most relevant buffer size differs according to the
environmental context, the behaviour of interest, and the group being studied [27]. It is important, then,
to consider and conceptualize the neighbourhood built environment at different sizes and examine
what best defines a child’s neighbourhood.
Few studies have examined the role of neighbourhood size, particularly with objectively measured
physical activity and objectively measured environment contexts. Van Loon et al. [36] examined
associations between the neighbourhood built and social environment and MVPA using 200 m, 400 m,
800 m, and 1600 m buffer sizes and found that the largest buffer size best explained MVPA compared to
smaller buffer sizes. Prins et al. [32] investigated relationships between availability of parks and sports
facilities and MVPA using 400 m, 800 m, and 2000 m buffer sizes and found no associations between
objectively measured availability of facilities within different buffer sizes and objectively assessed
MVPA. Both studies failed to distinguish between weekdays and weekend day physical activity.
Children’s physical activity may differ during weekdays than on weekends, and similarly, children’s
physical activity may differ during weekday school hours compared to out of school hours. Examining
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non-school hour physical activity is important to separate the impact of the neighbourhood built
environment from school activities. The contexts used when calculating MVPA may affect physical
activity outcomes and, thus, the relationships between physical activity and the built environment.
As a result, this research has three main objectives: (1) to examine whether the opportunities
present in children’s neighbourhood built environments influence objectively measured average
daily MVPA during weekdays outside of school hours; (2) to assess if there are sex differences when
examining whether neighbourhood built environment opportunities influence MVPA; and (3) to
assess whether the conceptualization of neighbourhood size affects associations between the built
environment and MVPA.
2. Methods
This study draws data from a multi-year study called the Spatial Temporal Environment and
Activity Monitoring (STEAM) project to investigate the effects of the built environment on health
related behaviours of children aged 9–14. The STEAM project had two data collection periods (8 days
in the spring and 8 days in the following fall) for each year, 2011–2013 inclusive. Only data from the
spring collection phase was used in this study. All children were required to have parental informed
consent for inclusion before they participated in the study. In addition, all children with parental
informed consent were required to provide their personal assent to participate in the study. This study
was conducted in accordance with the Declaration of Helsinki and the Canadian Tri-Council Policy
Statement: Ethical Conduct for Research Involving Humans, and the protocol was approved by the
Non-Medical Research Ethics Board of the University of Western Ontario (NM-REB #:17918S) and the
respective research officers and/or committees of the participating school boards.
During the study period, participating students from 34 elementary schools across the four school
boards within the region completed an 8-day multi-tool procedure to record their neighbourhood
activities, mobility, and environmental perceptions. Participants completed detailed daily activity
diaries, wore portable accelerometers during all waking hours for up to 8 days, wore portable Global
Positioning System (GPS) monitors during all waking hours for up to 8 days (GPS data were used
only to determine the home location of each child), and both children and parents completed detailed
surveys about demographics and their child’s neighbourhood behaviours and perceptions.
The sample used in this study is a subset of a larger sample (n = 851) of children from 34 schools in
London and surrounding area who had demographic data from the child and/or parent surveys, had
valid physical activity data in the spring, and lived and attended school in London, Ontario. Of the
851 participants in the larger STEAM sample, 101 were excluded from this analysis because they were
part of the pilot year (2010), which used different accelerometer calibration methods than non-pilot
years. A further 226 participants were excluded because they did not live within the city limits of
London, Ontario. Participants were excluded from further analyses if they had fewer than two valid
weekdays of accelerometer data (n = 41). Participants were excluded if demographic data from the
child or parent surveys was unavailable (n = 48), resulting in a final sample size of 435 students with
both objective neighbourhood built environment data and physical activity data. The 435 students
come from 20 schools spread across the city of London in urban and suburban settings of varying
socio-economic status.
2.1. Measures
2.1.1. Physical Activity
Physical activity was measured using Actical Z accelerometers (Philips Respironics, Murrysville,
PA, USA) with 30-s epochs worn on the hip. Participants were asked to wear the accelerometer for
8 consecutive days (including 4–6 weekdays) during all waking hours, only removing it for sleeping,
bathing, and swimming. Participants were required to have at least 2 valid weekdays of data to be
included in analyses, a common practice for analyzing children’s accelerometer data [38–41]. A valid
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day was defined as at least ten hours of wear. Motionless bouts (extended periods of zero counts) of
60 consecutive minutes or longer were considered non-wear time and excluded from analysis. A valid
day has been defined as 8 to 10 h of wear time in previous studies of children’s physical activity [42].
Cut-points for children classified the accelerometer data and defined the threshold at which the data
would be categorized as moderate-to-vigorous (>1500 counts/min) [43]. Differences in individual
school and recess start and end times were accounted for in the analyses. The number of minutes
spent in MVPA during non-school hours for each valid weekday was averaged over the total number
of valid weekdays observed to calculate average daily MVPA for weekdays during non-school hours.
To determine the average time spent in MVPA during other time blocks (i.e., during class time, recess,
all weekday hours), the number of minutes spent in MVPA during those specific time blocks were
averaged over the total amount of valid days observed.
2.1.2. Independent Variables
Following the ecological model of health, this study uses three levels of independent variables:
intrapersonal; neighbourhood socio-economic status (SES); and the neighbourhood built environment
(Note: policy is not considered as a variable in this analysis because it is the same across all participants).
Individual level variables were used to account for factors specific to each child that may influence
their physical activity. These variables used include (with the reference category italicized): sex (male
versus female); age in years (continuous); the most frequently used mode of travel to and from school
during a normal school week (active (mostly walk or bike) versus inactive (mostly car or bus)); and the
presence of a sibling (only child versus has sibling versus prefer not to answer). The variables used
were collected from multiple sources, including child surveys, parent surveys, and data recorded for
each child when calibrating their accelerometer.
Median family income (CAD) was used as a measure of the neighbourhood SES and used as a
control. Median family income was defined as the area-level SES in the census dissemination area in
which their home is located. Neighbourhood SES can act as a proxy for other household demographic
variables such as parental education and occupational status.
The neighbourhood built environment was objectively measured using a Geographic Information
System (GIS) (ArcGIS 10.2, Environmental Systems Research Institute, Redlands, CA, USA). Each
child’s home addresses was identified by using the spatial means of their GPS tracks and then used
as the centroid for all measures. The neighbourhood built environment was measured using two
types of spatial analyses: (1) the shortest distance along the street network between home and specific
activity sites for children (e.g., recreation centres and schools); and (2) multiple ring buffers (500 m
and 800 m) around children’s home addresses. These buffer sizes were chosen because children are
typically limited to the immediate area within which they are able (or permitted) to walk or cycle.
Previous research has found that children at 12 years of age can walk up to 5 km/h [44], so an 800 m
buffer is equivalent to about a 10 min walking distance and a 500 m buffer is equivalent to about a
6 min walking distance for an average child. In addition, previous evidence has found that boys have
more independent neighbourhood mobility than girls [14,15], so using a 500 m buffer in addition to
the 800 m buffer accommodates flexibility. Both 500 m and 800 m buffers have been used in previous
studies exploring children’s neighbourhoods [24,31,35,45]. Euclidean buffers were used instead of
road network buffers because some neighbourhood opportunity structures may not be captured due
to a lack of road network access (e.g., a park or school yard).
After creating buffers around each child’s home, built environment measures were developed
in order to characterize the neighbourhood opportunity structures within these areas. Existing
research informed the selection of measures used to address a range of the hypothesized mechanisms
influencing physical activity [23,26]. A description of the built environment variables used in this
study and their definitions are found in Table 1. All of the environmental data were supplied by the
Planning Division of the City of London (2014) [46].
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Table 1. Description of the built environment variables included in this study.
Built Environment Variable Description
Open space parks (#/km2)
The number of parks per square km within each
buffer without any built recreational amenities.
Parks with at least one sports field (#/km2)
The number of parks per square km within each
buffer containing at least one sports field (defined as
tennis courts, soccer fields, baseball diamonds, and
football fields).
Parks with at least one playground (#/km2)
The number of parks per square km within each
buffer containing at least one playground.
Parks with both at least one sports field and
playground (#/km2)
The number of parks per square km within each
buffer containing at least one sports field and at least
one playground.
Distance to the nearest school (km)
The shortest distance along the street network
between each child’s home and the nearest public,
Catholic, or private school in the City of London.
Distance to the nearest recreational site (km)
The shortest distance along the street network
between each child’s home and the nearest arena or
public/private recreational facility.
Land use mix An entropy measure between 0 and 1 reflecting thedistribution of land-use.
Multi-use path space (km2) The amount of multi-use path area within each buffer.
Intersection count (#/km2)
The number of 3- and 4-way intersections within
each buffer.
2.2. Statistical Analyses
Statistical analyses were performed with STATA SE 13 [47]. Linear regression models with robust
standard errors (cluster) were used to analyze the relationship between average daily non-school
MVPA during weekdays and attributes of the built environment. Selecting the cluster option accounts
for observations that are clustered into groups (i.e., elementary schools) and that these observations
may be correlated within schools. Individual level and neighbourhood SES variables were included if
bivariate analyses revealed a significant association with average daily MVPA during outside of school
hours (p < 0.10). Several of the variables were skewed and transformed using either logarithmic or
square root transformations.
3. Results
3.1. Descriptive Statistics
Descriptive statistics about the sample can be found in Tables 2 and 3. The majority of participants
were between 11 and 12 years old (73.10%). Of the participants, 59.31% were girls and 40.69% were
boys. Most participants had a sibling (80.92%) and used an inactive mode of travel between home and
school (63.22%). The median family income (in CAD) was $71,758.
Participants spent on average 63.98 min of MVPA per day during weekdays (Table 3). Boys
engaged in 20.235 min more MVPA per day than girls during weekdays (in school and out of school).
During class time, boys engaged in 5.168 min more MVPA than girls, a significant difference. During
recess time, boys engaged in 9.701 min more MVPA than girls, a significant difference. On average,
participants spent 30.361 min per day in MVPA outside of school hours; boys spent significantly more
time on average in MVPA outside of school hours than girls.
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Table 2. Descriptive statistics for average daily minutes of MVPA (n = 435).
Variable n %
Age (years)
9 10 2.30
10 69 15.86
11 187 42.99
12 131 30.11
13 36 8.28
14 2 0.46
Sex
Boy 177 40.69
Girl 258 59.31
Presence of a sibling
Only child 54 12.41
Has sibling(s) 352 80.92
Prefer not to answer 29 6.67
Mode of travel
Active 160 36.78
Inactive 275 63.22
Mean SD
Median family income in CAD (in thousands) 71.76 26.89
Table 3. Descriptive statistics for average daily minutes of MVPA by gender (n = 435).
Variable
Average Daily Minutes of MVPA During Weekdays
During Class Time Recess Non-School Time All Weekdays
Mean p-Value Mean p-Value Mean p-Value Mean p-Value
Sex
Boys 19.432
0.000
23.680
0.000
33.783
0.009
75.985
0.000Girls 14.264 13.979 28.014 55.750
Total Sample 16.367 - 17.927 - 30.361 - 63.984 -
Note: Mann-Whitney U test.
3.2. Model Specification
A series of models were specified to assess associations between neighbourhood opportunity
structures and children’s MVPA while accounting for age, sex, mode of travel, the presence of siblings,
and neighbourhood SES (Tables 4 and 5). Models were stratified according to sex because of anticipated
sex differences in relationships, but a model using the entire sample was developed to detect smaller
statistical effects with a larger sample size.
3.3. Model Results
Model results assessing associations between built environment characteristics and MVPA are
found in Table 4. At the individual level, girls and those using inactive modes of travel between home
and school had significantly lower average daily MVPA during non-school hours. In contrast, students
in the sample with a sibling had significantly higher average daily MVPA during non-school hours.
Significant associations were found between average daily MVPA and the density of parks with sports
fields and multi-use path area at both 500 m and 800 m buffer sizes. Despite using different buffer sizes,
the 500 m and 800 m buffers in the full model yielded similar results, with the same significant variables
and model fit. Variables were assessed for multicollinearity using Variance Inflation Factors (VIFs)
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because one assumption of ordinary least squares regression is the absence of high multicollinearity.
No variables were found to be highly collinear, with a maximum VIF of 1.72.
Sex stratified models were created to examine associations that may be unique to males and
females (Table 5). Sex-specific associations were found at the individual level. Both boys and girls that
used inactive modes of travel between home and school had significantly lower average daily MVPA
during non-school hours than those using active modes; however, this was only significant for boys
in the 800 m model. Boys with siblings had significantly higher average daily MVPA, regardless of
buffer size. Median family income was positively associated with girls’ average daily MVPA in both
500 m and 800 m models. The model for boys’ average daily MVPA indicated significant a positive
association with the density of parks with sports fields, and a significant negative association with the
density of parks with playgrounds. Both 500 m and 800 m models had the same significant predictors,
but the 800 m model exhibited a better model fit than the 500 m model. After accounting for several
individual level variables and neighbourhood SES, the model for girls’ MVPA indicated significant
associations between MVPA and the density of parks with sports fields. The density of parks with
sports fields was only found to be significant in the 800 m model, not the 500 m model. The 500 m
model had a slightly better fit than the 800 m model. No variables were found to be collinear, with a
maximum VIF of 1.74. The sex-stratified models better explained the relationship between average
daily MVPA outside of school hours during weekdays and the built environment.
Table 4. Results of full model assessing associations between environment characteristics by buffer
size and average daily minutes of MVPA outside of school hours during weekdays (n = 435).
Variables
Regression Coefficients by Buffer Size
500 m a 800 m b
B. p-Value B. p-Value
Age (years) 0.097 0.918 0.160 0.853
Sex (base: boys)
Girls ´4.779 0.015 ´4.973 0.007
Siblings (base: only child)
Has sibling(s) 5.933 0.027 6.496 0.027
Prefer not to answer 2.858 0.507 3.207 0.430
Mode of travel (base: active)
Inactive ´11.202 0.000 ´11.255 0.000
Median family income in CAD (10´3) 0.033 0.496 0.021 0.696
Open space park: #/km2 ´0.824 0.135 ´0.060 0.956
Park with sports field: #/km2 0.929 0.016 2.653 0.020
Park with playground: #/km2 ´1.721 0.070 ´3.088 0.184
Park with more than one unique feature: #/km2 ´2.645 0.063 ´3.966 0.090
Distance to nearest recreational facility c: km ´2.094 0.102 ´1.607 0.175
Distance to nearest school c: km 1.116 0.661 0.146 0.949
Land use mix (ˆ101) 0.002 0.998 ´0.558 0.539
Multi-use path: m2 (10´3) 1.407 0.018 0.584 0.031
Road connectivity: # of intersections/km2 0.042 0.280 0.035 0.636
Constant 32.898 0.038 34.318 0.024
Notes: Table entries expressed as B values (unstandardized regression coefficients); a R-squared = 0.1695;
b R-squared = 0.1675; c Street-network based measures.
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Table 5. Results of sex-stratified models assessing environment characteristics by buffer size and
average daily minutes of MVPA outside of school hours during weekdays.
Variables
Regression Coefficients by Buffer Size
Boys (n = 177) Girls (n = 258)
500 m a 800 m b 500 m c 800 m d
B. p-Value B. p-Value B. p-Value B. p-Value
Age (years) ´0.134 0.957 ´0.119 0.957 0.339 0.700 0.261 0.753
Presence of a sibling (base:
only child)
Has sibling(s) 10.077 0.003 11.984 0.004 2.164 0.443 1.694 0.561
Prefer not to answer 4.575 0.589 8.412 0.282 ´0.679 0.900 ´1.409 0.780
Mode of Travel (base: active)
Inactive ´8.275 0.089 ´9.940 0.041 ´11.65 0.000 ´11.184 0.000
Median family income in
CAD (10´3) ´0.054 0.554 ´0.091 0.262 0.099 0.034 0.103 0.032
Open space park: #/km2 ´1.370 0.256 ´0.445 0.848 ´0.424 0.459 ´0.098 0.915
Park with sports field: #/km2 1.363 0.020 3.657 0.048 0.880 0.055 2.760 0.032
Park with playground: #/km2 ´3.403 0.042 ´8.082 0.026 ´0.171 0.866 1.237 0.603
Park with more than one unique
feature: #/km2
´3.941 0.106 ´6.996 0.098 ´1.651 0.271 ´1.187 0.544
Distance to nearest recreational
facility e : km
´3.754 0.190 ´2.721 0.334 ´1.499 0.358 ´1.318 0.370
Distance to nearest school e: km 4.939 0.340 2.984 0.461 ´0.789 0.780 ´1.230 0.633
Land use mix (ˆ101) ´0.326 0.681 ´1.564 0.158 0.414 0.567 0.407 0.682
Multi-use path: m2 (10´3) 1.421 0.822 0.770 0.072 1.257 0.091 0.358 0.326
Road connectivity: # of
intersections/km2
´0.022 0.052 0.016 0.926 0.087 0.100 0.055 0.383
Constant 42.992 0.148 48.789 0.085 18.858 0.159 18.25 0.143
Notes: Table entries expressed as B values (unstandardized regression coefficients); a R-squared = 0.1616; b
R-squared = 0.1796; c R-squared = 0.1961; d R-squared = 0.1895; e Street-network based measures.
4. Discussion
This study examined whether the opportunities present in a child’s neighbourhood built
environment predicted objectively measured average daily MVPA during weekdays outside of school
hours by (1) the sex of the child and (2) neighbourhood size. Results show sex differences and
neighbourhood size differences in associations between the neighbourhood built environment and
children’s MVPA.
4.1. Children’s Weekday Physical Activity: Overall and During School Hours
Boys engaged in significantly more daily MVPA than girls during weekdays, with boys achieving,
on average, 20.235 more minutes of daily MVPA than girls. This finding is consistent with evidence
finding that girls consistently achieve less daily MVPA than boys [8,11]. Although boys engaged in
significantly more daily MVPA than girls, the girls in the sample averaged 55.750 min of MVPA across
all valid days during weekdays, which falls just short of Canada’s recommended physical activity
guidelines (>60 min per day).
A similar pattern emerges when investigating children’s physical activity during school hours.
Although both boys and girls participate in within-school physical activity (i.e., Daily Physical Activity,
physical education classes) where similar levels of MVPA should be achieved, boys, on average,
engaged in significantly more MVPA than girls both during class time and recess time. This may be a
result of girls participating in more passive activities like socializing, an activity popular among girls
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this age, instead of physical activity during both in-school physical activity and recess [13]. Recess, in
particular, appears to be a significant contributing factor to MVPA during school hours. As a result,
efforts should be made to develop programs that specifically target and engage girls in MVPA during
recess times to increase the intensity of activity within this context.
4.2. Children’s Weekday Physical Activity During Non-school Hours: Individual level and Neighbourhood
SES Influences
In-school time MVPA only accounted for a portion of children’s physical activity, reinforcing the
need to examine children’s MVPA outside of school time. Boys engaged in significantly more daily
MVPA outside of school hours than girls, supporting the need for sex-specific models. This study
investigated associations between built environment characteristics and children’s physical activity in
two dimensions: child sex and neighbourhood size using two buffers. Findings from this study show
sex differences between neighbourhood built environment opportunities and MVPA. This finding is
consistent with Van Loon et al. [36].
One of the strongest predictors of MVPA was mode of travel between home and school for both
sexes, although the relationship was stronger for girls. While both boys and girls who use inactive
modes of travel to school engage in less MVPA than those using active modes of travel, girls who
use inactive modes of travel engage in even less MVPA than boys who use inactive modes of travel.
These findings suggest that girls achieve a majority of MVPA outside of school hours through mode of
travel alone. Active transportation can contribute to a large amount of a child’s daily physical activity,
so these findings emphasize the importance of encouraging children to use active modes of travel,
particularly for girls [14,16].
Results from this study found that girls from higher income neighbourhoods are more likely
to engage in MVPA. Although girls engaged in less MVPA than boys, those girls from more
affluent neighbourhoods were more likely to be physically active than girls from less affluent
neighbourhoods. These results suggest that policymakers and programmers should develop physical
activity interventions appropriate for girls, especially girls from low income households.
4.3. Physical Activity during Non-School Hours: Neighbourhood Built Environment Influences
Children from neighbourhoods with greater access to parks with sports fields and higher multi-use
path area had significantly higher average daily MVPA during non-school hours. Neighbourhoods
with greater access to sports fields afford opportunities for both structured (i.e., sports teams) and
unstructured (i.e., playing with friends) physical activity. This diversity may engage more children
in physical activity than a space solely designed for structured or unstructured physical activity [12].
Multi-use paths primarily afford the opportunity for unstructured physical activity, especially active
transportation [48]. Significant associations did not differ by neighbourhood size in the model for all
children. However, given that sex has been found to significantly influence MVPA both in this study
and the literature, sex-stratified models are necessary to examine whether neighbourhood size and
related findings are sex specific.
Sex-stratified models revealed sex differences in significant associations and the most relevant
neighbourhood size. The neighbourhood size that best predicted girls’ MVPA was 500m, smaller than
the 800m neighbourhood that best predicted boys’ MVPA. This finding highlights that boys may have
a wider neighbourhood to engage in MVPA with than girls. Coupled with the fact that more significant
neighbourhood built environment relationships were found for boys, this study’s findings suggest that
boys may have access to and engage in more neighbourhood physical activity than girls. This might
explain why boys engaged in significantly more physical activity outside of school hours compared
to girls; boys might be allowed by their parents to play more independently in their neighbourhood.
Research has found that boys have more independent mobility than girls, granting them greater access
to physical activity opportunities present within their neighbourhood [14,15].
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Significant associations were found between average daily MVPA during non-school hours
on weekdays and the density of parks within each buffer in the sex-stratified models, but these
associations differed according to the recreational amenities present within the park. Both boys
and girls from neighbourhoods with greater access to parks with sports fields were found to have
significantly higher MVPA, emphasizing the importance of planning and developing recreational
spaces designed to support physical activity for all children. In contrast, boys from neighbourhoods
where park designs tended to be centered around playgrounds had significantly lower MVPA. Together,
these findings suggest that boys engage differently with parks having sports fields than with parks
having playgrounds. This may be a result of age; the boys are nearing early adolescence and may
perceive playgrounds as spaces for socializing rather than physical activity. This may also be a result
of unsupportive equipment; the playground equipment found at parks may not be challenging or
complex enough for active play [49].
4.4. Limitations
Although some significant results were found, many built environment attributes showed no
association with average daily weekday MVPA during non-school hours. Of the studies using
objectively measured physical activity and buffer-based neighbourhood measures, several have found
significant associations [31,36,50], but others have found no significant associations [51,52]. This
study did not differentiate between specific physical activity contexts (e.g., sport activities, free play,
active transportation); the primary objective was to examine overall physical activity. A more in-depth
examination of different activity contexts may reveal more specific associations with the neighbourhood
built environment. In addition, the lack of significant findings may be because neighbourhood proxies
are unable to capture children’s direct exposure to their environments. Buffers are useful for helping
to characterize a subject’s general neighbourhood opportunities, but are insufficient for assessing
children’s actual exposure to different features in their environments and identifying the importance
of difference contexts for physical activities.
The use of GPS technologies in combination with acceleometry shows promise for assessing
children’s real exposure to their environments [53]. Neighbourhood proxies, like buffers, rest on the
assumption that all physical activity occurred within that area, which may explain why studies have
yielded mixed results. The combination of GPS tracking alongside accelerometry, however, allows
researchers to understand physical activity within the neighbourhood context but also outside of
that context. This is particularly important because children are mobile and unlikely to spend all of
their time within their neighbourhood, especially considering that more parents are now driving their
children to structured activities [54,55]. While GPS technologies still face technological and financial
limitations, the combination of GPS and accelerometry allows researchers to answer questions about
where MVPA and sedentary activities occurred. Buffers are useful to answer questions about how
neighbourhood built environments influence physical activity behaviours (including characteristics of
places people choose not to frequent), but the combination of GPS tracking alongside accelerometry
shows promise for assessing children’s real exposure to their environments.
As this study draws from data collected during the spring, the physical activity that was measured
will be specific to this season. A systematic review found that physical activity levels vary according to
weather and seasonality [56]; therefore, results of this study may have differed if the accelerometer
data were collected during a different season.
While accelerometers are frequently used by researchers to objectively measure physical activity
levels, and are preferred over self-report measures, accelerometers are not without limitations.
Accelerometers can only record movement of the body segment the device is placed on; for example, if
an accelerometer is attached to a child’s wrist, it will be more likely to record non-activity movements
such as twitching. This study required participants to wear the accelerometer on their hip to minimize
recording of unrelated motions. Participants did not wear the accelerometer while in water (e.g.,
bathing or swimming). Additionally, accelerometers have difficulty recording activities performed
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on an incline and non-weight bearing activities (e.g., cycling); therefore, reliance on accelerometers
may underestimate physical activity levels [57]. Accelerometers are also unable to provide contextual
information about physical activity, such as the type of physical activity.
5. Conclusions
This study is strengthened by the objective measures used for both predictor and outcome
variables, thus avoiding self-report bias. Further, the present study is strengthened by its use of
different sized buffers to define the neighbourhood built environment. Findings highlight the need to
consider more specific neighbourhood boundaries to better characterize and understand children’s
neighbourhood built environments. In particular, researchers must consider how boys and girls
may have different neighbourhood ranges, and should not restrict their analyses to one size of
neighbourhood for both boys and girls, if they are to better understand the relationship between
environment and behaviour for children. Results also suggest that policymakers and programmers
should consider developing physical activity interventions that target girls at this age to improve
physical activity engagement, especially girls from low income households. Future studies should
investigate the role of neighbourhood built environments on weekend MVPA to better compare and
understand temporal contexts of children’s activities. Future research should also endeavor to combine
GPS tracking technologies with accelerometry to investigate the different built environment contexts
influencing physical activity and whether these contexts also represent opportunities for physical
activity present within a child’s neighbourhood.
Acknowledgments: The STEAM study was jointly-funded by Canadian Institutes of Health Research and
the Heart and Stroke Foundation of Canada, with seed funding from the Social Sciences and Humanities
Research Council of Canada. Additional support was provided by the Children’s Health Research Institute
and the Children’s Health Foundation. We thank the students, parents, teachers, principals, and research boards
from the Thames Valley District School Board, the London District Catholic School Board, Conseil scolaire
catholique Providence, and the Conseil scolaire Viamonde. We would also like to acknowledge the dozens of
research assistants from the Human Environments Analysis Lab who helped with the STEAM project, especially
Joannah Campbell, Steve Fitzpatrick, Martin Healy, Sandra Kulon, Rajiv Lalla, Janet Loebach, Sarah McCans,
Leanne McIntosh, Catherine McLean, Claudia Rangel, Lucie Richard, Doug Rivet, Richard Sadler, Sabrina Sater,
and Emily (Hill) Van Kesteren.
Author Contributions: Christine A. Mitchell and Andrew F. Clark participated in the data collection for the larger
STEAM study, which was designed and led by Jason A. Gilliland (Principal Investigator). Christine A. Mitchell
conducted all the statistical and spatial analyses for this paper and wrote the first draft of the manuscript.
Jason A. Gilliland and Andrew F. Clark were involved in developing the analyses, interpreting the results, and
revising the manuscript. All authors have read and approved the final manuscript.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Chaput, J.P.; Lambert, M.; Mathieu, M.E.; Tremblay, M.S.; O’Loughlin, J.; Tremblay, A. Physical activity
vs. sedentary time: Independent associations with adiposity in children. Pediatr. Obes. 2012, 7, 251–258.
[CrossRef] [PubMed]
2. Janssen, I.; Katzmarzyk, P.T.; Boyce, W.F.; Vereecken, C.; Mulvihill, C.; Roberts, C.; Currie, C.; Pickett, W.
Comparison of overweight and obesity prevalence in school-aged youth from 34 countries and their
relationships with physical activity and dietary patterns. Obes. Rev. 2005, 6, 123–132. [CrossRef] [PubMed]
3. Janssen, I.; LeBlanc, A.G. Systematic review of the health benefits of physical activity and fitness in
school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 1–16. [CrossRef] [PubMed]
4. Hall, K.D.; Sacks, G.; Chandramohan, D.; Chow, C.C.; Wang, Y.C.; Gortmaker, S.L.; Swinburn, B.A.
Quantification of the effect of energy imbalance on bodyweight. Lancet 2011, 378, 826–837. [CrossRef]
5. Davison, K.K.; Birch, L.L. Childhood overweight: A contextual model and recommendations for future
research. Obes. Rev. 2001, 2, 159–171. [CrossRef] [PubMed]
6. Warburton, D.E.R.; Nicol, C.; Bredin, S.S.D. Health benefits of physical activity: The evidence. Can. Med.
Assoc. J. 2006, 174, 801–809. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2016, 13, 130 12 of 14
7. Piko, B.F.; Keresztes, N. Physical activity, psychosocial health and life goals among youth.
J. Community Health 2006, 31, 136–145. [CrossRef] [PubMed]
8. Statistics Canada. Directly Measured Physical Activity of Children and Youth, 2012 and 2013: Results
from the Canadian Health Measures Survey. Available online: http://www.statcan.gc.ca/pub/82-625-x/
2015001/article/14136-eng.htm (accessed on 20 June 2015).
9. Tremblay, M.S.; Warburton, D.E.R.; Janssen, I.; Paterson, D.; Latimer, A.E.; Rhodes, R.E.; Kho, M.E.; Hicks, A.;
LeBlanc, A.G.; Zehr, L.; et al. New canadian physical activity guidelines. Appl. Physiol. Nutr. Metab. 2011, 36,
36–46. [CrossRef] [PubMed]
10. Sallis, J.F.; Owen, N.; Fisher, E. Ecological models of health behaviour. In Health Behaviour and Health
Education: Theory, Research, and Practice; Glanz, K., Rimer, B., Viswanath, K., Eds.; Josey-Bass: San Fransisco,
CA, USA, 2008; pp. 465–482.
11. Trost, S.W.; Pate, R.R.; Sallis, J.F.; Freedson, P.S.; Taylor, W.C.; Dowda, M.; Sirard, J. Age and gender differences
in objectively measured physical activity in youth. Med. Sci. Sports Exerc. 2002, 34, 350–355. [CrossRef]
[PubMed]
12. Mota, J.; Esculcas, C. Leisure-time physical activity behavior: Structured and unstructured choices according
to sex, age, and level of physical activity. Int. J. Behav. Med. 2002, 9, 111–121. [CrossRef] [PubMed]
13. Posner, J.; Vandell, D.L. After-school activities and the development of low-income urban children:
A longitudinal study. Dev. Psychol. 1999, 35, 868–879. [CrossRef] [PubMed]
14. Mackett, R.; Brown, B.; Gong, Y.; Kitazawa, K.; Paskins, J. Children’s independent movement in the local
environment. Built Environ. 2007, 33, 454–468. [CrossRef]
15. Brown, B.; Mackett, R.; Gong, Y.; Kitazawa, K.; Paskins, J. Gender differences in children’s pathways to
independent mobility. Child. Geogr. 2008, 6, 385–401. [CrossRef]
16. Faulkner, G.E.; Buliung, R.N.; Flora, P.K.; Fusco, C. Active school transport, physical activity levels and boyd
weight of children and youth: A systematic review. Prev. Med. 2009, 48, 3–8. [CrossRef] [PubMed]
17. Gordon-Larsen, P.; Nelson, M.C.; Page, P.; Popkin, B.M. Inequality in the built environment underlies key
health disparities in physical activity and obesity. Pediatrics 2006, 117, 417–424. [CrossRef] [PubMed]
18. Gordon-Larsen, P.; McMurray, R.; Popkin, B. Adolescent physical activity and inactivity vary by ethnicity:
The national longitudinal study of adolescent health. J. Pediatr. 1999, 135, 301–306. [CrossRef]
19. Sallis, J.F.; Zakarian, J.M.; Hovell, M.F.; Hofstetter, C.R. Ethnic, socioeconomic, and sex differences in physical
activity among adolescents. J. Clin. Epidemiol. 1996, 49, 125–134. [CrossRef]
20. Powell, L.M.; Chaloupka, F.J.; Slater, S.J.; Johnston, L.D.; O’Malley, P.M. The availability of local-area
commercial physical activity-related facilities and physical activity among adolescents. Am. J. Prev. Med.
2007, 4, 292–300. [CrossRef] [PubMed]
21. Feng, J.; Glass, T.A.; Curriero, F.C.; Stewart, W.F.; Schwartz, B.S. The built environment and obesity:
A systematic review of the epidemiologic evidence. Health Place 2010, 16, 175–190. [CrossRef] [PubMed]
22. Forsyth, A.; Michael Oakes, J.; Lee, B.; Schmitz, K.H. The built environment, walking, and physical activity:
Is the environment more important to some people than others? Transp. Res. Pt. D Transp. Environ. 2009, 14,
42–49. [CrossRef]
23. Handy, S.L.; Boarnet, M.G.; Ewing, R.; Killingsworth, R.E. How the built environment affects physical
activity. Am. J. Prev. Med. 2002, 23, 64–73. [CrossRef]
24. Tucker, P.; Irwin, J.; Gilliland, J.; He, M.; Larsen, K.; Hess, P. Environmental influences on physical activity
levels in youth. Health Place 2009, 15, 357–363. [CrossRef] [PubMed]
25. Loebach, J.; Gilliland, J. Free range kids? Using GPS-derived activity spaces to examine children’s
neighborhood activity and mobility. Environ. Behav. 2014. [CrossRef]
26. Frank, L.D.; Engelke, P.O.; Schmid, T.L. Health and Community Design: The Impact of the Built Environment on
Physical Activity; Island Press: Washington, DC, USA, 2003.
27. Brownson, R.C.; Hoehner, C.M.; Day, K.; Forsyth, A.; Sallis, J.F. Measuring the built environment for physical
activity: State of the science. Am. J. Prev. Med. 2009, 36, 99–123. [CrossRef] [PubMed]
28. Grow, H.M.; Saelens, B.E.; Kerr, J.; Durant, N.H.; Norman, G.J.; Sallis, J.F. Where are youth active? Roles of
proximity, active transport, and built environment. Med. Sci. Sport. Exerc. 2008, 40, 2071–2079. [CrossRef]
[PubMed]
Int. J. Environ. Res. Public Health 2016, 13, 130 13 of 14
29. Kerr, J.; Rosenberg, D.; Sallis, J.F.; Saelens, B.; Frank, L.D.; Conway, T. Active commuting to school:
Associations with environment and parental concerns. Med. Sci. Sport. Exerc. 2006, 38, 787–793. [CrossRef]
[PubMed]
30. Saelens, B.E.; Handy, S. Built environment correlates of walking: A review. Med. Sci. Sports Exerc. 2008, 40,
550–566. [CrossRef] [PubMed]
31. Timperio, A.; Giles-Corti, B.; Crawford, D.; Andrianopoulos, N.; Ball, K.; Salmon, J.; Hume, C. Features of
public open spaces and physical activity among children: Findings from the CLAN study. Prev. Med. 2008,
47, 514–518. [CrossRef] [PubMed]
32. Prins, R.R.G.; Ball, K.; Timperio, A.; Salmon, J.; Oenema, A.; Brug, J.; Crawford, D. Associations between
availability of facilities within three different neighbourhood buffer sizes and objectively assessed physical
activity in adolescents. Health Place 2011, 17, 1228–1234. [CrossRef] [PubMed]
33. Carver, A.; Timperio, A.; Hesketh, K.; Crawford, D. Are safety-related features of the road environment
associated with smaller declines in physical activity among youth? J. Urban Health 2010, 87, 29–43. [CrossRef]
[PubMed]
34. Roemmich, J.N.; Epstein, L.H.; Raja, S.; Yin, L. The neighborhood and home environments: Disparate
relationships with physical activity and sedentary behaviors in youth. Ann. Behav. Med. 2007, 33, 29–38.
[CrossRef] [PubMed]
35. Villanueva, K.; Giles-Corti, B.; Bulsara, M.; McCormack, G.R.; Timperio, A.; Middleton, N.; Beesley, B.;
Trapp, G. How far do children travel from their homes? Exploring children’s activity spaces in their
neighborhood. Health Place 2012, 18, 263–273. [CrossRef] [PubMed]
36. Van Loon, J.; Frank, L.D.; Nettlefold, L.; Naylor, P.J. Youth physical activity and the neighbourhood
environment: Examining correlates and the role of neighbourhood definition. Soc. Sci. Med. 2014, 104,
107–115. [CrossRef] [PubMed]
37. Crawford, D.; Cleland, V.; Timperio, A.; Salmon, J.; Andrianopoulos, N.; Roberts, R.; Giles-Corti, B.; Baur, L.;
Ball, K. The longitudinal influence of home and neighbourhood environments on children’s body mass index
and physical activity over 5 years: The CLAN study. Int. J. Obes. 2010, 34, 1177–1187. [CrossRef] [PubMed]
38. Mattocks, C.; Ness, A.R.; Leary, S.; TIlling, K.; Blair, S.N.; Shield, J.; Riddoch, C. Use of accelerometers in a
large field-based study of children: Protocols, design issues, and effects on precision. J. Phys. Act. Health
2008, 5, 98–111.
39. Dössegger, A.; Ruch, N.; Jimmy, G.; Braun-Fahrlander, C.; Mader, U.; Hanggl, J.; Hofmann, H.; Puder, J.J.;
Kriemler, S.; Bringolf-Isler, B. Reactivity to accelerometer measurement of children and adolescents. Med. Sci.
Sport. Exerc. 2014, 46, 1140–1146. [CrossRef] [PubMed]
40. Verloigne, M.; Bere, E.; van Lippevelde, W.; Maes, L.; Lien, N.; Vik, F.N.; Brug, J.; Cardon, G.;
de Bourdeaudhuij, I. The effect of the UP4FUN pilot intervention on objectively measured sedentary
time and physical activity in 10–12 year old children in Belgium: The ENERGY-project. BMC Public Health
2012. [CrossRef] [PubMed]
41. Østbye, T.; Malhotra, R.; Stroo, M.; Lovelady, C.; Brouwer, R.; Zucker, N.; Fuemmeler, B. The effect of the
home environment on physical activity and dietary intake in preschool children. Int. J. Obes. 2013, 37,
1314–1321. [CrossRef] [PubMed]
42. Cain, K.L.; Sallis, J.F.; Conway, T.L.; van Dyck, D.; Calhoon, L. Using accelerometers in youth physical
activity studies: A review of methods. J. Phys. Act. Health 2013, 10, 437–450. [PubMed]
43. Puyau, M.; Vohra, F.; Zakeri, I.; Butte, N.F. Prediction of activity energy expenditure using accelerometers in
children. Med. Sci. Sport. Exerc. 2004, 36, 1625–1631.
44. Cavanga, G.A.; Franzetti, P.; Fuchimoto, T. The mechanics of walking in children. J. Physiol. 1983, 343,
323–339.
45. Larsen, K.; Gilliland, J.; Hess, P.; Tucker, P.; Irwin, J.; He, M. The Influence of the physical enviornment
and sociodemographic characteristics on children’s mode of travel to and from school. Res. Pract. 2009, 99,
520–526.
46. Planning Division of the City of London. Municipal Management Data; The Corporation of the City of London:
London, UK, 2014.
47. StataCorp. Stata Statistical Software; StataCorp.: College Station, TX, USA, 2015.
48. Larsen, K.; Gilliland, J.; Hess, P.M. Route based analysis to capture the environmental influences on a child’s
mode of travel between home and school. Ann. Assoc. Am. Geogr. 2012, 102, 1348–1365. [CrossRef]
Int. J. Environ. Res. Public Health 2016, 13, 130 14 of 14
49. Isenberg, J.P.; Quisenberry, N. Play: Essential for all children. Assoc. Child. Educ. Int. 2002, 79, 33–39.
[CrossRef]
50. Roemmich, J.N.; Epstein, L.H.; Raja, S.; Yin, L.; Robinson, J.; Winiewicz, D. Association of access to parks and
recreational facilities with the physical activity of young children. Prev. Med. 2006, 43, 437–441. [CrossRef]
[PubMed]
51. Ries, A.V.; Voorhees, C.C.; Roche, K.M.; Gittelsohn, J.; Yan, A.F.; Astone, N.M. A quantitative examination of
park characteristics related to park use and physical activity among urban youth. J. Adolesc. Health 2009, 45,
S64–S70. [CrossRef] [PubMed]
52. Ries, A.V.; Yan, A.F.; Voorhees, C.C. The neighborhood recreational environment and physical activity among
urban youth: An examination of public and private recreational facilities. J. Community Health 2011, 36,
640–649. [CrossRef] [PubMed]
53. Maddison, R.; ni Mhurchu, C. Global positioning system: A new opportunity in physical activity
measurement. Int. J. Behav. Nutr. Phys. Act. 2009. [CrossRef] [PubMed]
54. Kwan, M. The uncertain geographic context problem. Ann. Assoc. Am. Geogr. 2012, 102, 958–968. [CrossRef]
55. Karsten, L. It all used to be better? Different generations on continuity and change in urban children’s daily
use of space. Child. Geogr. 2005, 3, 275–290. [CrossRef]
56. Tucker, P.; Gilliland, J. The effect of season and weather on physical activity: A systematic review. Public Health
2007, 121, 909–922. [CrossRef] [PubMed]
57. Heil, D.P. Predicting activity energy expenditure using the actical® activity monitor. Res. Quart. Exerc. Sport
2006, 77, 64–80. [CrossRef] [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
